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Objective. The purpose of this study is to assess the relative merits of aspects—labels or informal deﬁnitions—of traditional
nursing terminology systems as the foundational sources for target formal nursing terminology systems.
Design. This study builds upon and compares the ﬁndings of two previous experiments in which formal terminology systems, one
based on informal deﬁnitions, the other based on labels, were developed under the GALEN approach and used to generate hier-
archies of nursing interventions drawn from the Nursing Interventions Classiﬁcation.
Measurements. The two generated hierarchies were compared to see whether, and to what extent, they captured a test set of
hierarchical relationships implicit within and derived from the Nursing Interventions Classiﬁcation. An analysis of the relevant
conceptual representations was carried out in those cases where a hierarchical relationship from the test set was absent from either of
the generated hierarchies.
Results. The hierarchy generated from the formal terminology system based on informal deﬁnitions contained none of the test set
of hierarchical relationships. Reasons included structural diﬀerences between conceptual representations; diﬀerent levels of speci-
ﬁcity; and deﬁciencies within the formal terminology system itself. The hierarchy generated from the formal terminology system
based on labels contained all but one of the test set. The reason for the one absence was inconsistent usage within source and target.
Conclusions. While it may be possible to derive formal terminology systems from informal deﬁnitions for nursing interventions,
the inherent complexity within those informal deﬁnitions brings into question the utility of such systems. This study demonstrates
that it may be more productive to base formal nursing terminology systems on labels, simpler sources with limited discursive content
and a higher degree of consistency.
 2003 Elsevier Inc. All rights reserved.
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For a number of years, a rigorous foundation for
nursing terminology has been considered a necessity [1,2].
Traditional less formal approaches cannot hope to meet
the increasing and conﬂicting demands placed on nursing
information. Due to inherent technical limitations, ex-
isting nursing terminology systems tend to be tuned to the
speciﬁc needs of their users [2]. The inevitable diﬀerences
arising between these terminology systems are now a
signiﬁcant barrier to the comparison and interchange of
health information; pre-requisites to the eﬀective delivery
of contemporary health care [3]. In response to these and* Fax: +44-161-295-2282.
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doi:10.1016/j.jbi.2003.09.009other factors, there has been a major concerted eﬀort to-
wards the development of formal terminologies; so-called
reference terminologies that canmediate betweendiverse
sources. Examples include formal terminologies devel-
oped under the GALEN approach [4] and SNOMEDRT
[5]. A major focus within these initiatives has been on
identifying, representing, and achieving consensus on, the
semantic content of traditional terminology systems.
However, little consideration has been given to determine
which aspects of these sources they should be attempting
to capture. In the majority of widely reported nursing
terminology systems, individual elements comprise at
least a label or rubric1 e.g., Analgesic administration,1 Within this paper the term label is used in preference to the
synonymous term rubric.
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agents to reduce or eliminate pain. Recent attempts at a
more formal representation of nursing terminology sys-
tems have by-and-large focused on labels [6]. However, it
could be argued that the semantic content of nursing
terminology systems resides not in labels, but in informal
deﬁnitions [7], and that the focus should be on the latter.
The purpose of this study is to determine the relative
merits of each aspect, labels or informal deﬁnitions, as a
foundational source for target formal nursing terminol-
ogies. It is not intended as an examination of the robust-
ness of a particular modeling approach. Rather it uses a
modeling approach in order to explore the underlying
issues; as such it does not consider inter-modeler reli-
ability and modeling bias.2. Background
This study builds upon and compares the ﬁndings of
two previous experiments [8,9] that formed a part of a
broader program of research into reference terminolo-
gies [10,11]. Both experiments used a similar method-
ology under the GALEN approach in which elements
from a nursing intervention terminology system, the
Nursing Interventions Classiﬁcation2 (NIC) [12], were
analyzed into intermediate representations, for sub-
sequent semi-automatic transformation into Galen rep-
resentation and integration language (GRAIL).
GRAIL is a formal, compositional, terminological
language for constructing formal terminologies. These
formal terminologies consist of entities, which are re-
lated to one another by attributes to form composite
entities. Within GRAIL there are mechanisms for im-
posing compositional constraints, for recognizing and
removing redundancy, and for classifying automatically
composite entities. Other formal terminologies, such as
SNOMED RT, have similar capabilities.
Intermediate representations facilitate authoring and
validation of GRAIL formal terminologies by providing
abridge, readable bybothpeople and computers, between
source terminology systems and GRAIL. Intermediate
representations consist of a set of descriptors (corre-
sponding to entities), a set of semantic links (corre-
sponding to attributes)which together deﬁne content, and
a small set of simple constraints, which determine syntax.
For example, Analgesic administration might be repre-
sented as:
MAIN administration
INVOLVES analgesic2 The second edition of NIC as used within this study contains 433
nursing interventions, each with, among other things, a fully enumer-
ated label and an informal deﬁnition. A third edition of NIC was
released during the course of this study. The third edition contains 486
nursing interventions; much of the content and the overall structure
remain unchanged.Intermediate representations are parsed to check
syntax and are transformed into GRAIL expressions
within the GALEN mapping tool [13]. For example, the
intermediate representation above might be transformed
into the GRAIL expression:
process whichG
isCharacterizedBy administration whichG
involves analgesic.
These GRAIL expressions represent candidate GRAIL
representations of the original sources, whichmay be pre-
sented by the mapping tool to the GALEN Terminology
Server for classiﬁcation. Note that before classiﬁcation
can take place, mappings must be declared between in-
termediate representation descriptors and links, and
GRAIL entities and attributes and compositional con-
straints must be in place. The result following classiﬁca-
tion is a new hierarchy of source expressions generated
according to the underlying formal terminology.
More detailed discussions on GRAIL and interme-
diate representations are beyond the scope of this paper
and may be found elsewhere [4,13].
2.1. Informal deﬁnitions
The focus of the ﬁrst experiment [8] was on repre-
senting informal deﬁnitions for nursing interventions
drawn from NIC. Informal deﬁnitions within NIC use a
rich vocabulary and are discursive. For example, the
informal deﬁnition for the nursing intervention Anal-
gesic Administration is given as Use of pharmacologi-
cal agents to reduce or eliminate pain. The development
of intermediate representations within this ﬁrst experi-
ment had three phases:
• An initial modeling activity to translate manually and
literally informal deﬁnitions into intermediate repre-
sentations. For example, the informal deﬁnition Use
of pharmacological agents to reduce or eliminate pain
was represented initially as:
MAIN use of
ACTS_ON pharmacological agent
WITH to reduce
ACTS_ON pain
OR_MAIN use of
ACTS_ON pharmacological agent
WITH to eliminate
ACTS_ON pain
Intermediate representations were not made to comply
with any pre-determined patterns; new descriptors and
links were added as necessary.
• An analysis of the set of initial intermediate represen-
tations to determine omissions and transformations,
for example, concerning spelling, that had been made
in the translation from source to intermediate repre-
sentation.
• A semi-formal process for resolving inconsistencies
between intermediate representations (i.e., normaliza-
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the transformations identiﬁed in the previous phase.
A number of external resources were used to support
normalization including standard word processor
spell-checking software (set to UK English) and Col-
lins Dictionary of the English Language (used manu-
ally) [14] to support spelling normalization, and
WordNet version 1.6 [15] and a purpose-built tool
written in Perl for synonym resolution.
The ﬁnal normalized set of intermediate representa-
tions contained 992 single word and compound de-
scriptors and 47 links.
2.2. Labels
The focus within the second experiment [9] was on
representing nursing intervention labels drawn fromNIC.
Labels within NIC are written in a more formal and
consistent style than informal deﬁnitions. This second
experiment also had three phases: modeling, analysis, and
normalization. However, no post hoc normalization was
needed; consistency between intermediate representa-
tions was much higher. The ﬁnal set of intermediate rep-
resentations contained 476 diﬀerent single word and
compound descriptors and a smaller number of links (i.e.,
11) were used.
2.3. Transformation into GRAIL
In transforming intermediate representations into
GRAIL there were a number of similarities between
the two experiments: there was a one-to-one mapping
between descriptors and entities and between links and
attributes; WordNet was used to derive the initial hi-
erarchies of elementary GRAIL entities; compositional
constraints were derived and implemented in the same
way. In each experiment the result was a hierarchy,
generated according to the underlying formal termi-
nology, of source nursing interventions drawn from
NIC. Note that for the formal terminology based on
labels, the proposed hierarchy of elementary entities
was manually validated prior to implementation.
Moreover, for this formal terminology, attributes at
diﬀerent levels of abstraction were arranged hierar-
chically rather than as siblings, and a GRAIL opera-
tor transitiveDown was used to ensure transitivity
across embedded attributes. However, comparison be-
tween the two resulting hierarchies was possible be-
cause:
• both sets of intermediate representations were au-
thored by the same person;
• a similar development methodology was used to de-
rive both hierarchies;
• both hierarchies were made up of nursing interven-
tions that were drawn from the same terminology sys-
tem i.e., NIC;• the hierarchies were based on diﬀerent aspects of the
same source terminology system (i.e., labels or infor-
mal deﬁnitions).3. Research question
As indicated in Section 1, a primary role for a formal
terminology is as a reference terminology. The ability
to exploit hierarchical relationships in bridging diﬀerent
levels of abstraction is a key requirement. The purpose
of this study was to determine which aspects of source
nursing terminology systems, labels or informal deﬁni-
tions, yield the greatest degree of hierarchization (i.e.,
the greatest number of hierarchical relationships gener-
ated) in any target nursing formal terminology.4. Methods
In order to determine the relative merits of the two
generated hierarchies, an assessment was made of the
extent to which they could capture hierarchical rela-
tionships that exist in the source terminology system.
There are no explicit hierarchical relationships between
nursing interventions within NIC. Therefore a test set of
73 implicit hierarchical relationships was derived from
intervention labels as follows: Nursing intervention b
was considered a child of Nursing intervention a if the
label for Nursing intervention a also formed the root of
the label for Nursing intervention b, which included
modiﬁcation following a colon. So for example Bleed-
ing Reduction: Antepartum Uterus was considered to
be a child of Bleeding Reduction (see Table 1). A fur-
ther 10 hierarchical relationships were identiﬁed infor-
mally; these are shown in Table 2.
Each of the two generated hierarchies was examined
by the author to see how many of this test set of implicit
hierarchical relationships were captured. An analysis of
the relevant intermediate representations was carried
out in those cases where a hierarchical relationship from
the test set was not present.5. Results
5.1. Informal deﬁnitions
None of the hierarchical relationships within the test
set were present within the hierarchy based on informal
deﬁnitions (the total number of hierarchical relation-
ships within this hierarchy was only three). Analysis
of the intermediate representations for the nursing in-
terventions contained within the test set revealed three
sets of factors that prevented the formation of hierar-
chical relationships. The ﬁrst set of factors was due to
Table 1
Test set of implicit hierarchical relationships within the Nursing Interventions Classiﬁcation
Parent Child
Acid Base Management Acid Base Management: Metabolic Acidosis
Acid Base Management: Metabolic Alkalosis
Acid Base Management: Respiratory Acidosis
Acid Base Management: Respiratory Alkalosis
Analgesic Administration Analgesic Administration: Intraspinal
Behavior Management Behavior Management: Overactivity/Inattention
Behavior Management: Self Harm
Behavior Management: Sexual
Behavior Modiﬁcation Behavior Modiﬁcation: Social Skills
Bleeding Reduction Bleeding Reduction: Antepartum Uterus
Bleeding Reduction: Gastrointestinal
Bleeding Reduction: Nasal
Bleeding Reduction: Postpartum Uterus
Bleeding Reduction: Wound
Bowel Incontinence Care Bowel Incontinence Care: Encopresis
Cardiac Care Cardiac Care: Acute
Cardiac Care: Rehabilitative
Circulatory Care Circulatory Care: Mechanical Assist Device
Electrolyte Management Electrolyte Management: Hypercalcemia
Electrolyte Management: Hyperkalemia
Electrolyte Management: Hypermagnesemia
Electrolyte Management: Hypernatremia
Electrolyte Management: Hyperphosphatemia
Electrolyte Management: Hypocalcemia
Electrolyte Management: Hypokalemia
Electrolyte Management: Hypomagnesemia
Electrolyte Management: Hyponatremia
Electrolyte Management: Hypophosphatemia
Environmental Management Environmental Management: Attachment Process
Environmental Management: Comfort
Environmental Management: Community
Environmental Management: Safety
Environmental Management: Worker Safety
Environmental Management: Violence Prevention
Exercise Promotion Exercise Promotion: Stretching
Family Integrity Promotion Family Integrity Promotion: Childbearing Family
Grief Work Facilitation Grief Work Facilitation: Perinatal Death
Infection Control Infection Control: Intraoperative
Intrapartal Care Intrapartal Care: High Risk Delivery
Medication Administration Medication Administration: Enteral
Medication Administration: Interpleural
Medication Administration: Intraosseous
Medication Administration: Oral
Medication Administration: Parenteral
Medication Administration: Topical
Medication Administration: Ventricular Reservoir
Positioning Positioning: Intraoperative
Positioning: Neurologic
Positioning: Wheelchair
Resuscitation Resuscitation: Neonate
Resuscitation: Fetus
Risk Identiﬁcation Risk Identiﬁcation: Childbearing Family
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Table 2
Extension to the test set of implicit hierarchical relationships
Parent Child
Airway Management Artiﬁcial Airway Management
Counseling Nutrition Counseling
Sexual Counseling
Electrolyte Management Fluid/Electrolyte Management
Feeding Bottle Feeding
Enteral Tube Feeding
Fluid Management Fluid/Electrolyte Management
Medication Administration Analgesic Administration
Anesthesia Administration
Surveillance Skin Surveillance
Table 1 (continued)
Parent Child
Self Care Assistance Self Care Assistance: Bathing/Hygiene
Self Care Assistance: Dressing/Grooming
Self Care Assistance: Feeding
Self Care Assistance: Toileting
Shock Management Shock Management: Cardiac
Shock Management: Vasogenic
Shock Management: Volume
Substance Use Treatment Substance Use Treatment: Alcohol Withdrawal
Substance Use Treatment: Drug Withdrawal
Substance Use Treatment: Overdose
Surveillance Surveillance: Late Pregnancy
Surveillance: Safety
Temperature Regulation Temperature Regulation: Intraoperative
Tube Care Tube Care: Chest
Tube Care: Gastrointestinal
Tube Care: Umbilical Line
Tube Care: Urinary
Tube Care: Ventriculostomy/Lumbar drain
Urinary Catheterization Urinary Catheterization: Intermittent
Urinary Incontinence Care Urinary Incontinence Care: Enuresis
Wound Care Wound Care: Closed Drainage
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potential parents i.e., intermediate representations took
diﬀerent forms (see Table 3). These occurred in ap-
proximately 40% of cases. All intermediate representa-
tions were authored and normalized by the same person.
Thus the principal reason for structural diﬀerences be-
tween intermediate representations was not inconsis-
tency in modeling style; rather it was due to diﬀerences
embodied within the informal deﬁnitions themselves.
Interestingly, the lack of hierarchical relationships be-
tween attributes played no part in preventing the for-
mation of hierarchical relationships according to the test
set; structural diﬀerences superseded any potential
problems with attributes. The second major reason
(occurring in around 35% of cases) was due to diﬀerent
levels of speciﬁcity between potential parents and po-tential children i.e., intermediate representations had a
similar form but some information was present in the
potential parent but absent in the (partially more spe-
ciﬁc) potential child (see Table 4). Without the addi-
tional information, classiﬁcation was not possible.
Again these diﬀerent levels of speciﬁcity reﬂected dif-
ferences embodied within the informal deﬁnitions. The
ﬁnal reason (occurring in approximately 25% of cases)
was due to the absence of hierarchical relationships in
the hierarchy of elementary GRAIL entities i.e., the
structure was consistent but it was not possible to re-
solve the diﬀerences in individual descriptors using the
underlying formal terminology. Unlike in previous cases
this reﬂected on the development methodology (hence
the decision taken within the second experiment to
validate during translation into GRAIL the hierarchy of
elementary entities generated according to WordNet).
Considerable further work would be needed to over-
come these factors. For the ﬁrst set of reasons, a further
round of normalization on intermediate representations
would be needed to increase consistency. For the second
set of reasons, intermediate representations would need
to be reﬁned to loosen the formal deﬁnitions of potential
parents or through the tightening of formal deﬁnitions
for potential children, by adding relevant information
from the potential parents. Rather than reﬁning further
existing intermediate representations, another approach
would be to repeat the experiment and to pre-process
(i.e., paraphrase) informal deﬁnitions prior to translat-
Table 3
Structural diﬀerences between potential children and potential parents for the formal terminology based on informal deﬁnitions
Bleeding Reduction Bleeding Reduction: Antepartum Uterus
Limitation of the loss of blood volume during an
episode of bleeding
Limitation of the amount of blood loss from the pregnant uterus during the third
trimester of pregnancy
MAIN limiting MAIN limiting
ACTS_ON losing ACTS_ON amount
ACTS_ON volume IS_ATTRIBUTE_OF losing
IS_ATTRIBUTE_OF blood ACTS_ON blood
OCCURS_DURING episode HAS_SOURCE pregnant uterus
INVERSE_OCCURS_DURING bleeding OCCURS_DURING third trimester of pregnancy
Table 4
Diﬀerent levels of speciﬁcity between potential parents and potential children for the formal terminology based on informal deﬁnitions
Bowel Incontinence Care Bowel Incontinence Care: Encopresis
Promotion of bowel continence and maintenance of perianal skin integrity Promotion of bowel continence in children
MAIN promoting MAIN promoting
HAS_CONSEQUENCE bowel continence HAS_CONSEQUENCE bowel continence
WITH maintaining IS_ATTRIBUTE_OF child
HAS_CONSEQUENCE integrity
IS_ATTRIBUTE_OF skin
SURROUNDS anus
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greater initial consistency. However, little would be
gained, as the result would inevitably be very similar to
labels. For the ﬁnal set of reasons, appropriate classiﬁ-
cations would need to be enforced within the hierarchy
of elementary GRAIL entities (as carried out within the
second experiment).
5.2. Labels
In contrast to the ﬁrst experiment, for the formal
terminology based on labels 214 hierarchical relation-
ships between nursing interventions were generated.
There was a richer structure within the generated hi-
erarchy than within the test set, with several additional
hierarchical relationships. Examples of these additional
hierarchical relationships are given in Table 5. Only
one of the test set of implicit hierarchical relationships,
between Substance use treatment and Substance use
treatment: overdose, was absent in the new hierarchy.
This was due to the fact that overdose had not been
represented within the hierarchy of elementary GRAIL
entities as a child of substance use. To argue that
overdose is indeed a child of substance use might
be seen by many as incorrect. However, this case
does demonstrate that unusual uses, often counter to
common understanding, are sometimes required to
get classiﬁcation to work correctly. The explicit
representation within the hierarchy of elementary
GRAIL entities of overdose as a child of substance
use (or the use of a diﬀerent representation for Sub-
stance Use Treatment) would have circumvented this
problem.6. Discussion
The approach used within the ﬁrst experiment was to
interpret highly discursive deﬁnitional statements in a
quasi-literal and relatively unconstrained way. This
process resulted in highly complex intermediate repre-
sentations. The normalization techniques used went
some way in resolving unintentional diﬀerences between
intermediate representations. However, this largely
manual process was arduous with little support provided
by external resources (the lack of support provided by
the external resources used within this experiment miti-
gates against automating normalization; it is possible,
indeed likely, that this will retain a very large manual
component). The need for systematic normalization on
initial intermediate representations demonstrated the
diﬃculties associated with authoring consistently highly
discursive deﬁnitional statements; in this ﬁrst experi-
ment the relatively rich representation embodied within
the informal deﬁnitions provided too much freedom of
expression. The hope that the comparative richness of
informal deﬁnitions would be reﬂected within the formal
terminology as a comprehensive set of hierarchical re-
lationships was not borne out in practice—only three
hierarchical relationships were generated between nurs-
ing interventions drawn from NIC.
The ﬁrst experiment demonstrated that although it is
indeed possible to derive a formal terminology from
informal deﬁnitions for nursing interventions, the utility
of such a formal terminology is highly questionable. To
derive a formal terminology with a richer hierarchy re-
quires simpler sources with limited discursive content
and a higher degree of consistency. The results of the
Table 5
Examples of additional hierarchical relationships generated from the formal terminology based on labels
Parent Child
Airway Management Airway Suctioning
Artiﬁcial Airway Management Airway Insertion and Stabilization
Endotracheal Extubation
Behavior Management Eating Disorders Management
Communication Enhancement: Hearing Deﬁcit
Communication Enhancement: Speech Deﬁcit
Communication Enhancement: Visual Deﬁcit
Behavior Modiﬁcation
Self-Care Assistance
Autogenic Training
Cardiac Care Cardiac Precautions
Circulatory Care Circulatory Precautions
Counseling Preconception Counseling
Genetic Counseling
Lactation Counseling
Electrolyte Management Electrolyte Monitoring
Environmental Management Area Restriction
Feeding Total Parenteral Nutrition (TPN) Administration
Fluid Management Hypervolemia Management
Hypovolemia Management
Fluid Monitoring
Fluid Resuscitation
Intrapartal Care Electronic Fetal Monitoring: Intrapartum
Medication Management Medication Administration
Nutrition Management Feeding
Pressure Ulcer Care Pressure Ulcer Prevention
Resuscitation Fluid Resuscitation
Self-Care Assistance Patient Controlled Analgesia (PCA) Assistance
Self-Modiﬁcation Assistance
Shock Management Shock Prevention
Tube Care Artiﬁcial Airway Management
Peripherally Inserted Central (PIC) Catheter Care
Tube Care: Gastrointestinal Enteral Tube Feeding
Gastrointestinal Intubation
Tube Care: Urinary Urinary Catheterization
Wound Care Pressure Ulcer Care
Wound Irrigation
Bleeding Reduction: Wound
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claim.
Within the second experiment, the approach used was
again to interpret labels as literally as possible. How-
ever, the use of a comparatively small set of links, de-
rived from the labels themselves, constrained modeling
style to some extent and facilitated greater consistency
between intermediate representations. The relative sim-
plicity of the source labels was reﬂected in the resultingformal terminology. There was evidence that certain
transformations had been carried out in the develop-
ment of intermediate representations. However, there
was no need, as in the ﬁrst experiment, for example to
harmonize spelling and word form or to transform
prepositions into links; the labels had already been
normalized extensively during their development.
The initial fear that the simplicity and abstract nature
of labels would result in fewer hierarchical relationships
286 N.R. Hardiker / Journal of Biomedical Informatics 36 (2003) 279–286within the formal terminology was unfounded. The
representation within the formal terminology of nursing
interventions drawn from NIC generated 214 hierar-
chical relationships. All but one of the test set of 83
hierarchical relationships were represented, but many
more besides. The use of simpler sources had resulted in
greater coherence in the set of intermediate representa-
tions. While the hierarchization of attributes, using the
GRAIL transitiveDown operator, had further increased
opportunities for subsumption and the manual valida-
tion of the entity hierarchy had contributed to the va-
lidity of subsumption, these were not as signiﬁcant as
the relative complexity of the sources.
In Section 1, it was suggested that the semantic
content of nursing terminology systems may reside not
in labels, but in informal deﬁnitions. This study has
demonstrated the diﬃculties associated with using in-
formal deﬁnitions as the foundational source for target
formal nursing terminologies. However, it is possible
that some degree of paraphrasing may enhance labels
prior to more formal modeling in order to ensure that
the salient characteristics of their corresponding infor-
mal deﬁnitions are also captured.7. Conclusions
This study has shown that while it may be possible to
derive a formal terminology from informal deﬁnitions
for nursing interventions, the inherent complexity within
those informal deﬁnitions brings into question the utility
of such a formal terminology. It has also shown through
comparative evaluation that a formal terminology based
on labels, simpler sources with limited discursive content
and a higher degree of consistency, shows much more
promise. Finally it has shown that while the use of
nursing intervention labels as sources is highly produc-
tive some form of paraphrasing may be needed to cap-
ture missing semantics and to facilitate authoring.Acknowledgments
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